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REMARKS 

This application has been carefully studied and amended in view of the Office Action 
dated March 25, 2009, The following comments incorporate matters discussed by the 
undersigned attorney with Examiners Katakam and O'Sullivan during the course of a personal 
interview on June 24, 2009. Examiners Katakam and O' Sullivan are respectfully thanked for the 
courtesies and suggestions made during the interview. 

It is respectfully submitted that Claims 1-3, 5-8, 10-17, 19-39 and 41-44 are patentable 
over the prior art and in particular over Hara, et at in view of Kaibel. Of these pending claims 
there are two independent claims, namely, Claim 1 and Claim 31, 

The present invention relates to distillatively separating mixtures, specifically 
ethylenamine mixtures obtained by reacting monoethanolamine with ammonia wherein ammonia 
and water are removed leaving an ethylenamine mixture of EDA, PIP and other components, 
such as DETA, AEEA and/or MEOA. To this point the process is similar to Hara, et al As 
recognized by Examiner Katakam the invention departs from Hara, et al in using dividing wall 
columns (Claim 1) or thermal installations (Claim 31) for removing the ethylenamine 
components. 

As regards the use of dividing wall columns (DWC), Claim 1 as now amended, defines 
high purity, high color quality EDA to be removed as a top product from the DWC and high 
purity, high color quality PIP to be removed as a side draw product. The operating pressure in 
the DWC is 0.1-5 bar. Significantly, the EDA and PIP are simultaneously removed from the 
same DWC. 

As recognized in the Office Action and noted above, Hara, et al do not disclose using 
dividing wall columns for the distillation to separate the ethylenamines. Accordingly, there is 
reliance on Kaibel for that feature. Kaibel relates to distillation columns with vertical partitions 
and discloses the separation of a feed mixture into three or four or more pure fractions. Kaibel 
does not, however, disclose the utilization of DWCs for separating ethylenamine mixtures and 
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particularly where there is a simultaneous separation of the components EDA and PIP from the 
same DWC. To obtain components in high purity from a single column is a challenging task as 
based on PIP's high melting point. There is a significant risk of blockage of the column internals 
by solidification of PIP. In the conventional process where EDA and PIP are produced from two 
distinct columns, this problem of blockage scarcely occurs, This is due to the fact that in the 
conventional process operating pressures and temperatures can be independently chosen in 
separate columns, whereas in a DWC a compromise has to be found, 

As pointed out in the Specification, at page 10, lines 17-20, it is preferable in the 
purifying distillation of EDA and PIP to operate "at pressures slightly above atmospheric 
pressure so that the temperature in all regions of the column is slightly above the melting 
temperature of PIP, „" Since Kaibel does not relate to separating ethylenamine mixtures, there 
likewise is no disclosure in Kaibel of using an operating pressure of 0.1 to 5 bar for the 
separation, as defined in Claim L Thus, Kaibel is devoid of any teaching that would assist one 
of ordinary skill in the art as to what techniques and operating conditions should be used so that 
it would be feasible, and therefore obvious, to simultaneously separate EDA and PIP from the 
same DWC. 

The fact that DWCs are suitable for the separation of multi-component mixtures does not 
mean that they would be applicable to any and all mixtures irrespective of the substances 
involved and their respective physico-chemical properties. Furthermore, despite the known 
advantages, the use of DWCs restricts the flexibility for operating a distillation and introduces 
higher complexity to the system. Thus, for this reason alone a person of ordinary skill in the art 
would not automatically resort to the DWC technology even with knowledge of Kaibel in order 
to separate multi-component mixtures. 

The prior art approach to separating EDA and PIP and obtaining those products in high 
purity and high color quality form is to use separate and distinct columns for each of the EDA 
and PIP. The advantages of DWCs were known. Kaibel refers to some advantages. Kaibel was 
known years before Hara, et al., yet Hara, et al. make no disclosure of using DWCs or thermal 
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installations for simultaneously removing both EDA and PIP from the same column or 
installation. The present specification points out that the same high quality EDA and PIP are 
obtained with the invention as with the prior art but the use of the invention "reduces the total 
number of distillation columns required in the separation of multisubstance mixtures" (page 1, 
lines 40-41) and "Dividing wall columns and thermally coupled distillation columns offer 
advantages compared to the arrangement of conventional distillation columns both with regard to 
the energy demands and the capital costs, and are therefore being used to an increasing extent in 
industry" (page 2, lines 8-11), Yet, it was not until the present invention that DWC's (Claim 1) 
or thermal installations (Claim 31) could be used for ethylenamines where EDA and PIP are 
simultaneously removed from the same DWC or thermal installation. 

While Kaibel recognized advantages of DWC in a generic sense, Kaibel does not teach or 
suggest its use for ethylenamines as with the claimed invention. Because of the particular 
characteristics of ethylenamines, its use in DWC's and thermal installations, as defined in Claims 
1 and 31, would not be obvious. 

The use of DWCs is not what one of ordinary skill in the art would readily think as being 

obvious to resort to. In that regard, mixtures comprising amines are known to pose problems 

where separation is sought. See, for example, Riechers U.S. 6,627,756 which relates to the 

preparation of pure triethylenediamine (TED A) by vaporizing TED A and introducing the 

gaseous TED A into a liquid solvent. As stated in Riechers "Owing to its properties. . .TED A can 

be handled only with difficulty and with an appropriate engineering outlay if deterioration in the 

quality of the TEDA. . .is to be avoided". (Col. 1, line 65 to Col. 2, line 9) This statement is also 

true for the mixture in question in Claims 1 and 31. In particular, a solution for the problem of 

separating the mixture into components, each of which should be of high purity and high quality 

was sought. At least for the components EDA, PIP, DETA and AEEA "high purity 55 means a 

respective value of more than 99.0% by weight. (See pages 3-5 of the present Specification) 

Specifically, the problem of color improvements was to be solved as pointed out on page 2, lines 

24-28 of the present Specification. Neither Hara, et. al, nor Kaibel, nor any other prior art 

relating to the general state of the art of distillation, teaches the separation of the mixture into the 
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components according to Claims 1 and 31 to produce various products with high purity and high 
color quality. 

Attached is a copy of a publication by Becker et al (Chemical Engineering, January 2001, 
pages 68-74) which focuses on some challenges when designing a DWC, Page 70 includes the 
discussion under the heading "Not a panacea". Note is also made of attached publication by 
Schultz et al (Chemical Engineering Progress, May 2002, pages 64-71) which presents a general 
background of DWC technology and at page 66 specifically raises cautions in its discussion of 
"The case against DWCs" Thus, these publications raise caution to the conclusion that by 
simply having knowledge of Hara et al and Kaibel it would have been obvious to provide a 
method such as defined in Claim 1, wherein EDA and PIP are simultaneously removed from the 
same DWC. 

In view of the above, Claim 1 and its dependent claims should be allowed. 

Claim 3 1 is similar to Claim 1 except that instead of using DWCs for the removal of 
EDA and PIP, a thermal installation in the form of a connection of two distillation columns is 
used wherein EDA is obtained as a top product and PIP as a side draw stream. Both the EDA 
and PIP are simultaneously removed from the same connection of the two thermally coupled 
installation columns. As recognized in the Office Action Hara 5 et al "is silent on thermally 
coupled distillation columns". Although Kaibel shows in Figure 2 thermally coupled distillation 
columns, there is no suggestion in Kaibel of utilizing thermally coupled distillation columns for 
separating ethylenamine mixtures and in particular that EDA and PIP can be simultaneously 
removed from the same connection of the columns as defined in Claim 3 L Accordingly, Claim 
31 and its dependent claims should be allowed. 

In summary, the prior art does not disclose or teach the simultaneous separation of pure 
EDA and pure PIP from the same DWC. Rather, because of the awareness that, for example, 
DWCs were not a panacea and the belief that sometimes DWCs were not even feasible for 
some mixtures, the prior art considered the conventional distillation sequence as the better (or 
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only) alternative. The unobviousness of the present invention is clear from the question: Where 
is there any prior art teaching the simultaneous separation of pure EDA and pure PIP from the 
same DWC or the same thermal installation? The fact that there is no such prior art establishes 
the patentability of the claims. 

In view of the above remarks and amendments this application should be passed to issue. 



Dated: June 25, 2009 Respectfully submitted, 
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Wilmington, Delaware 19899 
(302) 658-9141 
Attorney for Applicant 
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^__„j in the ckemical process 
"industries (CFI) axe giving more 
land more attention to a type of 
distillation column, called a par- 
_Jhdtioned column, that contains a 
vertical bafle in its middle section 
From a single such column, three es- 
sentially pnre product streams can be 
withdrawn. In other words, a topping 
step {recovery of a desired low-boiling 
component) and a tailing step (recovery 
of a desired high-boiling component) 
can be accomplished at the same time 
hi the same tower, while furthermore 
removing the intermediate-boiling 
product as a sidestream. 

In such a column, also referred to as 
a divided-wall or Petyiuk column, the 
vertical baffle is placed so as to sepa- 
rate the feed location from that at 
which the intermediate-boiling prod- 
uct is withdrawn. In this way- the 
amount of heavy (high-boiling) or 
light aow-boiling) components reach- 
ing the side draw may be controlled to 
any specification. 

Partitioned columns have been 
studied for several' years (box, p< 74), 
as have thermally coupled columns * 
Which approximate the operation of a 
partitioned column. However, both 
have only recently enjoyed increasing 
attention, as engineers become more 
confident about being able to design 
and operate them properly, 

Being able to carry out topping and 
tailing steps within a single column 
obviously offers capital-cost savings. 

*Thermally coupled columns consist of two (or 
Bometoes more) columns fchat are linked ^ te- 
rete by their overhead and bottoms streams 
St fnterveninj? raboilers or condensers. 



Because of the significant advantages that they offer 
in certain applications, partitioned columns allow a 
topping and tailing step to be accomplished in a 
single distillMisui 




ciruae 1 For separating three components, conventional fractionation requires at 
SSSZ ^S^sSnia that are more energy-efficient appear in Figure 2. 



Further, the thermal coupling of the 
fractionation steps provides thermo- 
dynamic benefits that significantly re- 
duce the heat duty required for a 
given separation. Thus, the use of par- 
titioned columns can lower both the 
gzed and the operating costs for 
achieving a given separation, 

This article offers guidelines for 
assessing whether a partitioned col- 
umn is suitable for a particular ap- 
plication. It also provides the basis 
for developing a preliminary design 
for such a column. Furthermore, it 
highlights critical issues and pitfalls 
that should be keptin mind with re- 
spect to the optimization and control 
of such systems, 

Setting the stage 
To lay the groundwork, we first look 
at conventional distillation technol- 
ogy. Normally, the separation of a 
process stream into low- (A), inter- 



mediate- CB)# and high-boiling {O 
fractions is accomplished in succes- 
sive topping and tailing steps (Fig- 
ure la): The light component (A) 
comes off the first distillation col- 
umn, and the intermediate and high- 
boiling components (B and C) are 
then separated in a second column. 

This sequence is generally consid- 
ered to be less energy-intensive than 
conducting the tailing step first (Fig- 
ure lb), because in Figure la, ^the 
light component is only boiled off 
once. However, it is preferable to 
conduct the tailing step first under 
certain circumstances; for example, 
if the amount of high-boiling mater- 
ial to be removed is relatively small. 

From the standpoint of thermody- 
namics (and, accordingly, energy ef- 
ficiency), the optimal conventional - 
distillation arrangement for this 
separation requires not two but 
three columns. The light and heavy 



! 
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FIGURE Z* - For the energy-efficient separation qf three components, this sequence of 
four options leads logically to partitioned columns (2d) as being the simplest of them 



components should be separated irt 
an initial step, as shown in Figure 
2a. Here, the intermediate-boiling 
component appears in both the over- 
head and bottoms streams of Col- 
umn CI, before it is separated from 
the light and heavy components in 
two farther columns, C2 and C3. 

Although it is thermodynamically 
more attractive than the arrange- 
ments in Figure 1, the setup in Fig- 
ure 2a does require an additional col- 
umn. By combining C2 and C3 into a 
single column, as shown in Figure 
2b, the engineer can achieve the 
identical separation in two linked 
distillation columns. This reduces 
the number of required equipment 
items. Even though each column has 
its own reboiler and condenser, the 
system has a better thermal effi- 
ciency than the arrangement given 
in Figure 2a, thanks to the reuse of 
the vapor generated in the reboiler of 



what was previously Column C3 , in 
separation stages that were previ- 
ously contained in, 02. 

A further integration step is 
shown in the simplified arrangement 
given in Figure 2c. Here all the re- 
quired stripping vapor and reflux are 
generated in a- single reboiler and 
condenser. Meanwhile* a portion of 
the flow is transferred to and from 
the column into which the feed is in- 
troduced. This is a full thermal cou- 
pling of the separation processes in 
CI, C2 and 03. 

In the final simplification, these 
process steps can instead be accom^ 
plished within a single distillation 
column by using a partition, as shown 
in Figure 2d, On the feed side of the 
partition, a separation is achieved be- 
tween the light and heavy fractions, 
while the intermediate-boiling frac- 
tion is allowed to migrate to both the 
top and bottom of the partition, 



On the product side of the parti- 
tion (the side not facing the feed), the 
light components are stripped over- 
head and the heavy components are 
washed down. This allows the de- 
sired purity of the intermediate-boil- 
ing fraction to be achieved. 

In light of the progressive integra- 
tion and simplification shown in Fig- 
ure 2, the partitioned column, is the 
ordinarily optimal design. Neverthe- 
less, in certain revamp situations, the 
coupling of columns as shown in Fig- 
ure 2b, with a suitable choice of inter- 
nals, can lead to substantial increases 
in separation capacity. In some other 
cases, where existing equipment is to 
be reused, it may also be sensible to 
consider an arrangement such as that 
given in Figure 2c. 

While the advantages of a parti- 
tioned column may be most easily il- 
lustrated by means of such a conven- 
tional-fractionation .example, this 
technology may be equally well ap^- 
plied to extractive or azeotropic dis- 
tillation systems. 

Fully coupled columns (Figure 2c) 
and partitioned columns (Figure 2d) 
are thermodynamically equivalent. 
Accordingly, most of the concepts 
and results presented in this paper 
are directly applicable to both. 

Partitioned columns* plusses 

As already pointed out, combining 
topping and tailing steps into a single 
vessel allows the engineer to avoid 
the need for an entire distillation col- 
umn, as well as its associated equip- 
ment {reboiler, condenser, reflux 
drum, reflux and bottoms pumps) and 
instrumehtation. Admittedly, the 
partitioned column and its equipment 
are larger than either the otherwise- 
required topping or tailing column, 
but the overall capital investment is 
usually significantly lower than for a 
two column system. For new-plant 
projects, capital-cost savings of 
around 30% are not unusual. 

As for partitioned columns* thermal 
benefits, the separation uses the 
same total number of theoretical 
stages but involves significantly 
smaller reboiler and condenser duties 
than two-column arrangements. Re- 
ductions of about 30% in total reboiler 
duty are typical, but in some cases the 
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overall lowering of condenser and re- I 
boiler bad can reach 50%, 

In' partitioned columns, the 
process stream is only reboiled once, 
and its total residence time in high- 
temperature zones is minimized. 
This aspect is especially valuable if 
heat-sensitive components are in- 
volved — there are many situations 
in which compounds formed by ther- 
mally induced degradation can ad- 
versely affect the quality of the prod- 
uct streams. For instance, the 
unintended formation of heavy poly- 
mers can harm the bottoms product, 
while also leading to excessive re- 
boiler fouling. 

Not a panacea 

Partitioned columns are not the opti- 
mal solution for every fractionation 
task that involves a topping and tail- 
ing step [1 9 2]. To understand this 
limitation, it must be realized that 
the thermodynamic benefits of a par- 
titioned column are partly due to the 
"reuse" of the heat input throughout 
the column. 

Specifically, the vapor generated 
by the reboiler serves first to strip 
the intermediate«boiling components 
from the heavy fraction, and then to 
lift the low-boiling components over- 
head. Ideally, the internal flow must 
be present along the full length of 
the column. This requires all the re- 
boil to occur in- the column sump, at 
the highest temperatures in the col- 
umn, while the reflux must be gener- 
ated at the very top of the column, 
where, the temperatures are the low- 
est. Thus while the amount of energy 
that is required is minimised in 
terms of the first law of thermody- 
namics, the energy must neverthe- 
less be provided at the highest tem- 
perature level and rejected again at 
the lowest temperature level 

Either or both of those require- 
ments can become problematic if a 
relatively expensive heat or cooling 
source must be used in the reboiler 
or the condenser, or if the recovery of 
useful heat from the condenser is no 
longer possible. 

Particularly in cryogenic applica- 
tions, or others where refrigeration 
is required for the condensation, the 
cost of energy rejection becomes sub- 



stantial. In these cases, it becomes 
important to minimize the amount of 
energy to be removed at low temper- 
atures. Similar considerations apply 
to the reboiler if higher-pressure 
steam or a fired heater is required to 
achieve the reboiL 

Admittedly, the use of side reboil- 
ers, intermediate condensers or sim- 
ilar equipment may allow part of the 
energy to be transferred to and from 
the process at more-reasonable tem- 
peratures. However, the need for 
this additional equipment of&ets 
some of the capital-cost advantages 
that have been achieved in opting for 
a partitioned colu m n. Furthermore, 
the contribution of such equipment 
to the internal flow is not available 
on all the theoretical stages. 

Other factors that may make par- 
titioned columns unsuitable for cer- 
tain applications are: 

• Size: Every partitioned column 
has more theoretical stages than 
the either of the two conventional 
columns that it has superseded. 
(However, it will always have 
fewer stages than the sum of the 
two columns.) If the topping and 
tailing steps each require a large 
number of stages, the result may 
be a very tall partitioned column, 
which may approach mechanieal 
limitations as regards manufac- 
ture and erection 

• Metallurgy: If either the superseded 
topping or tailing column would 
require a relatively expensive ma- 
terial of construction (for instance, 
to assure product purity ), this ma- 
terial will have to be specified for 
the corresponding sections of the 
partitioned column, This require- 1 
ment may make the partitioned 
column so expensive that it is 
cheaper to build two smaller 
columns, where only one makes 
use of the more-noble metallurgy 

• Operating pressure: In a parti- 
tioned column, both the topping 
and tailing separations take place 
at about the same pressure (ne- 
glecting the pressure drop within 
the column). If one of those separa- 
tions requires vacuum conditions 
to enhance the relative volatilities 
of certain components whereas the 
other separation can be easily 



achieved at a higher pressure, it 
may be more cost-effective to use 
two separate columns operating at 
different pressures. (Iirnited op- 
portunities exist for thermally cou- 
pling columns operating at differ- 
ent pressures,) 
♦ Hydraulic imbalance: The com- 
position and properties of the 
process streams on the two sides of 
the partition are, by definition, 
somewhat different, If a property 
such as the foaming tendency of 
the mixture varies strongly with 
the composition of the streams, 
this may lead to unpredictable hy~ 
draulic behavior on one side of the I 
partition. The importance of main- 
taining a balanced hydraulic load 
on either side of the partition is j 
discussed in more detail below .{ 

I 

Design arid simulation '] 

As. with all distillation design and 4l 
simulation problems, accurate de- in- 
scription of the vapor-liquid equilib- - f . 
rium is - essential. Optimal design ^ 
also requires a good description of 
the concentration profiles of the var- 
ious species within the column, jjjl 
since these determine how these 1} 
species move around the partition vj ? 
from its feed side. t 

Before simulating a partitioned col- j 
umm the engineer will find it useful j\ 
to develop a preliminary design for J 
the conventional two-column system J 
that would be required to achieve the A 
same separations. This activity pro- | 
vides a base case against which the f 
partitioned column can ultimately be | 
..compared, and helps the engineer de- 
velop an understanding of the re- "I 
quired separations. 

As a first estimate for the number 1 
of theoretical stages needed in the ■ 
equivalent partitioned column, try 
80% of the sum of the number in the <j 
two columns. For instance, if 20 the- ■; 
orefical stages are required in the 
one conventional column and 30 in 
the other, we recommend that the 
initial simulations of the partitioned 
column use about 40 stages. Ini- 
tially, the partition should be posi- 
tioned in such a way that it is oppo- 
site the middle third of the 
equilibrium stages. 

For the initial simulations, we rec- \ 
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• '• Arrangement V 1 ' ' 'Arfan^§A^| $ 




FIGURE 3, Most simulation packages available today do not routinely accommodate partitioned columns; instead, the engineer 
m ust turn to sequences of conventional columns, in each of the six vertical panels of this figure, the shaded section in the upper, 
conventional column sequence corresponds to the shaded portion of the partitioned column that appears immediately below 



onunend that the internal flow in the 
column (as denoted by the reboiier or 
condenser duty) be set to about 70% of 
the total duty for the two individual 
columns. Thus if the reboiier duties of 
the two conventional columns were 3 
MW and 2 MW, the partitioned col- 
warn should initially be given a re- 
bolter duty of about 3.5 MW, For a 
nrst-round simulation, the vapor and 
liquid flow should be split equally be- 
tween the two sides of the partition. 

In most simulation packages, parti- 
tioned columns are currently not 
available as standard unit operations. 
To simulate a partitioned column, it 
is usually necessary to couple two 
conventional distillation units ther- 
mally, so as to define the equivalent 
separation problem. In Figure 3, vari- 
ous possible arrangements of coupled 
conventional columns are shown in 
the upper row, each above the equiva- 
lent partitioned column. In each pair, 
the shaded section in the simulated 
flowsheet corresponds to the shaded 
portion of the partitioned column 
shown immediately below. 

The simulation represented by 
Arrangement 2 is particularly inter- 
esting, because it lets, two columns 
be fully coupled, thermally, in a way 
that the lower section can be oper- 
ated at a somewhat higher pressure 
than the upper part of the column. 

■Depending on the particular sepa- 
ration task, column-simulation algo- 
rithm and recycle-convergence 
method, the various flowsheet alter- 
natives can exhibit quite varied be- 



havior as regards overall convergence, 

In Figure 3, Arrangements 1 and 
2 each make use of two distillation 
columns, so conventional^ sequential 
modular simulators can solve these 
systems, iteratively. Be aware, how- 
ever,, that these simulations may ex- 
hibit poor convergence because of the 
strong interaction between the units; 
and in large columns containing 
complex mixtures, the computa- 
tional costs can become excessive. 

Despite those two cautions, Alter- 
native lb often proves to be a conve-. 
nient arrangement for sequential 
modeling, because it allows specif!" 
cations to be set for all three prod- 
ucts, while the. free ■ (independent) 
parameters in the same unit can also 
be varied. 

Arrangement 3 in Figure 3 as- 
sumes the use of pumparounds and 
vapor bypasses, to simulate a parti- 
tioned column in a single "conven- 
tional* distillation unit. This 
arrangement, however, requires 
complete liquid and vapor with- 
drawal to be taken at two points in 
the column (that is, no liquid re- 
mains to descend to the tray below, 
and no vapor remains to arise to the 
tray above), which can lead to con- 
vergence problems. On the other 
hand, since this arrangement re- 
quires only the simulation of a single 
unit to be solved, it represents a com- 
paratively efficient way to get a solu- 
tion for a given system. 

Equation-based simulators, which 
directly and simultaneously solve 



the entire flowsheet, offer significant 
advantages over sequential modular 
simulators for dealing with parti- 
tioned columns, because the recycle 
loops associated with a two-column 
setup or with various controllers are 
eliminated. This greatly enhances 
the convergence stability and speed. 

Optimizing. the columns 

Before discussing the optimization of 
a partitioned colu mn , we review here 
the well-understood design and opti- . 
mization of a conventional distilla- 
tion column. For this discussion, a 
conventional column is one with a 
single feed 7 and with the products 
being withdrawn as overhead and 
bottoms streams. Numerous heuris- 
tic rules are available for such sys- 
tems, and commercial simulators 
offer useful tools for performing 
many of the required optimizations 
and sensitivity analyses. 
Conventional columns: Generally, 
the first step in designing such a col- 
umn is to set its operating pressure. 
This task involves factors such as 
the fLare-header back pressure, the 
availability of utilities for heating 
the reboiier and cooling the con- 
denser, the thermal stability of the 
species and the effect of the pressure 
on the vapor-liquid equilibrium. . 

Once the pressure has been set, 
the design engineer chooses the opti- 
mal combination of internal 
flowrates and number of stages, to 
achieve the required separation in 
terms of product purity, recovery or 
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both. For a given separation task } 
various guidelines are available for 
finding the best point on the curve 
that relates the required internal 
fbwrates (as denoted by reboiler 
duty, reflux rate or some other 
equivalent quantity) to the number 



The only "sub-optimization" that 
needs to be performed for a conven- 
tional column is for choosing the op- 
timal feedpoint location. This task is 
usually carried out simply by 
achieving the best match between 
the concentrations in the feed 
stream and the concentration profile 
in the column while taking the feed 
temperature into account. For mul- 
ticomponent systems, the match is 
often conveniently made by varying 
the feedpoint to rninimize the re- 
quired internal flowrate for a given 
number of stages. 

In such simple columns, only lim- 
ited interactions occur between the 
parameters that are available to the 
design engineer. Therefore, it is 
often possible to accomplish an ac- 
ceptable optimisation" by varying the 
parameters sequentially. 
Partitioned columns: If a column is 
to be partitioned or coupled to an- 
other column, the number of design 
parameters and interactions between 
variables increases sharply. For in- 
stance, it is possible to vary both the 
length and the position of the parti- 
tion, in addition to the location of the 
feed(s) and sidestream(s). Further the 
distribution of vapor and liquid on ei- 
ther side of the partition represent 
additional degrees of freedom. 

As the partition is lengthened 
downward in the column, that device 
becomes more effective at preventing 
light species from slipping beneath 
and reaching the sidestream outlet 
directly. On the other hand, the in- 
termediate-boiling fraction has more 
difficulty in reaching the sidestream 
outlet by passing below the parti- 
tion. This hindrance either forces 
more of the intermediate component 
over the top of the partition, or raises 
the need for additional fractionation 
capacity below the partition to sepa- 
rate the intermediate- and high- 
boiling fractions. 

Conversely, lengthening the parti- 



COMPARISON,©* DESI0N PARAME1 
AND, CONVENTIONAL DISTILL* 


tot o a rsTtTtAKicr* 
PKO PmR rAKTlTpUNcU 

JION COLUMNS 




Conventional Column 


Partitioned Column 


Discrete (integer) 

uurui in? I %Pi & 


Total number of stages 
Feedpoint location 


Total number of stages 
Peedpolnf location 
Side' draw location 
location of bottom of partition 
Location of tQP of partition 


Continuous 
parameters 


Total internal flow 


fatal internal flow 
Distribution of vapor 
Distribution of liquid 



tion too far upwards in the column 
prevents heavy components from 
passing over the partition top to the 
sidestream outlet, but makes the 
passage of the mtermediate compo- 
nent to the sidestream via this route 
more difficult 

Other variables to be considered 
are the positioning of the feed stream 
and of the sidestream, These choices 
significantly influence the concentra- 
tion profiles that are set up within 
the column. 

The increased number of parame- 
ters, and the strong interaction be- 
tween them, make iimrpossible to op- 
timize such a system by varying one 
parameter at a time. It is instead nec- 
essary to consider all the parameters 
and their interdependence simultane- 
ously, as well as the sensitivity of the 
objective function to any changes that 
are made. 

In light of the various complica- 
tions just discussed, it is not possible 
to optimize a partitioned column 
properly by relying just upon' the ex- 
perience, intuition and skiE of the de- 
sign engineer. Some work [5] has 
taken place on developing procedures 
for optimizing the design of parti- 
tioned columns. Results from the ap- 
plication of mixed-integer, non-linear 
programming algorithms to this prob- 
lem have also been reported [4\. At 
any rate, carrying out high-quality 
optimizations of partitioned columns 
for typical process separations re- 
quire suitable (equation-based) simu- 
lators that offer powerful optimisa- 
tion routines. 

The parameters that are varied in 
an optimization are of two types. 
Some are integer values, such as 
feedpoints, which can only be varied 
in discrete steps. More prevalent are 
continuous variables, such as the re- 
boiler duty (which is linked with the 
fbwrates within the column). The 
table above compares the fundamen- 
tal design variables, of both kinds, in 
a conventional distillation column 
design to those that must be consid- 
ered in a partitioned column.* 



Hydraulic considerations 

"When simulating a partitioned col- 
umn, the engineer can vary the frac- 
tion of the total vapor traffic that is 
routed to either the feed or product 
side of the partition; and in principle, 
tins variation may be included as 
part of the- optimization exercise. 

An asymmetrical distribution of the 
vapor traffic between the two sides of 
the partition may offer thermody- 
namic advantages in certain situa- 
tions, depending on the conditions at 
which the. feed is available or at which 
the product streams are required. 
Asymmetrical vapor distribution can, 
in principle, be achieved in two ways: 
The partition itself can be positioned 
off-center, or the internals can be de- 
signed so as to induce more pressure 
drop on one side than on the other. 

Off-center positioning has been 
tried at a laboratory scale [5], In 
most industrial units, however, the 
partition instead divides the column 
exactly in half, this choice being 
based on cost, mechanical stability, 
ease of fabrication, and good perfor- 
mance by the column internals. In 
these latter columns,, the additional 
pressure drop on one side (so as to 
distribute the vapors asymmetri- 
cally) can be achieved either by 
means of incorporating a specifically 
designed restriction (whose dimen- 
sions might in some cases be con- 
trolled) or by, designing the basic in- 
ternals differently. 

In either case, such an exercise re- 
quires very accurate pressure-drop 
correlations. Furthermore, it . may 
bring about additional pressure drop 
through the overall column. Accord- 
ingly, the most-popular arrange- 
ment in practice is to have not only a 
centrally placed partition but also an 
even split of the vapor between the 

*lne employer of three of the authors {Linde 
AG) has developed an in -house equation-based 
simulation program, "Optisim Design," in whose 
optimization routines it is possible to vary dis- 
crete and continuous variable B simultaneously- 
The objective function for the optimisation may 
be defmed by the user to include a variety of fac- 
tors, such as purity, energy consumption and 
capital cost, and the entire optimization may be 
subject to various constraints, 
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. two sides of the partition (and, thus, 
! symmetric yapor flow). 

As for the internal liquid reflux, its 
: distribution between the feed and 
, product sides of the column is a pow- 
erful design and control variable, 
. which always has an optimal value 
for a given separation task, In prac- 
tice, therefore, the vapor distribution 
is generally symmetric while the liq- 
uid distribution is asymmetric. 

To bring about the desired column 
performance with the optimal 
fiowrate of reflux on each side of the 
partition, it is essential that the 
vapor distribution occur as intended 
by the designer, This requires the in- 
ternals to be specified, manufactured 
and installed in such a way that the 
pressure drop on either side of the 
partition can be equal for the desired 
vapor distribution, 

Structured packing is generally 
used for partitioned columns. How- 
ever, Linde has built three partitioned 
columns that are equipped with trays. 
In many applications, trays are pre- 
ferred over packings for reasons of 
cost or hydraulics. For example, at 
high pressures (20 bar, say), the use of 
packings instead of trays can lead to 
poor vapor-liquid contact- 
Two of these trayed partitioned 
columns are in operation at the Sasol 
fuels and petrochemicals complex in 
Secunda, South Africa, Currently 
the largest partitioned columns in 
the world, these are used to recover 
high-value petrochemicals from Fis- 
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FIGURES 4 {left) AN9 5, The internals 
of one existing partitioned column (see 
main text) appear on the left; shown 
above are details of its tray arrangement 

cher-Tropsch-based feedstocks, The 
third, much smaller, column forms 
part of a Eectisol wash that has been 
installed at a plant in the Far East. 

Typifying large partitioned 
columns with trays, the, first such col- 
umn installed at Sasol has a total 
height of 64,5 m and a straight-side 
length of 50,25 m, It is equipped with 
87 sieve trays. The vessel diameter is 
4,5 m, which decreases to 4,0 m to- 
ward the top. Figure 4 is a schematic 
illustration, -while Figure .5 provides 
details of the tray arrangement, The 
second, still larger, Sasol unit, hav- 
ing a diameter of 5,2 m and. a tangent 
length of 99.3 m, has recently been 
brought onstream. 

B.oth columns employ two-pass 
sieve trays. They were split hi such a 
way that the partition is perpendicu- 
lar (in a horizontal plane) to the down- 
comer walls. This orientation gives the 
best liquid fbwpath on the trays, as 
well as additional mechanical stiffen™ 
hog of the partition by the tray rings. 

The control challenge 

As noted in the box (p.74), concerns 
about the control of partitioned 
columns [6, 7] probably contributed 
to the delay in the first commercial 
implementation of this technology. 
While the same fundamental princi- 
ples apply for the control of parti- 
tioned columns as for conventional 
columns, certain characteristic dif- 
ferences must be considered because 
of the increased complexity. 

Again, consider first the control of 
a conventional column. In such a col- 
umn, the desired separation re- 
quires, in principle, that two inde- 
pendent control parameters be set. 
Key examples are the reboiler duty 



FIG URE & Here is a fabricator's view of 
a twK>pass-sieve tray that has been 
manufactured for a partitioned column 



and the overhead product fiowrate or 
the reflux ratio. 

The measurable variables accord- 
ing to which these conventional-col- 
umn parameters are adjusted can be, 
for example, the feed fiowrate and a 
property analysis at either a suitable 
point in the column or in one of the 
product streams. In practice an ac- 
tual chemical composition analysis is 
not usually used; it is more conve- 
nient to choose some other property 
uniquely related to the composition. 
In many cases, a temperature mea- 
surement is most suitable. In any 
case, even with the conventional 
colurpns, the control system should be 
adapted for each application. 

Partitioned columns in effect have 
three more degrees of freedom than do 
-conventional columns, These are the 
distribution of vapor flow and liquid 
reflux to either side of the partition, 
and the amount of material with- 
drawn as the intermediate product. 
Accordingly, the system is signifi- 
cantly more complex to control, and it 
is thus even less likely that a univer- 
sally optimal . control philosophy for 
partitioned columns could be defined. 
The control parameters and the asso- 
ciated measured variables must be 
chosen to suit the specific application. 

Should theoretical considerations 
or analogies to other systems not 
provide a clear indication of how a 
column may be controlled best, a dy- 
namic simulation will often provide 
useful assistance. 

Final thoughts 

Once a separation task has been 
identified as a candidate for parti - 
tioned-column technology, design 
should proceed through preliminary 
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simulations and siring. Beyond that 
stage, there are several areas where 
input from contractors — or, if feasi- 
ble, from operating companies that 
have experience with such columns — 
should be obtained: 

• Optimising the column design 

• Specifying the internals, to ensure 
attention to issues such as heat 
transfer across the partition, maid- 
istribution of vapor and liquid, and 
mass-transfer efficiencies in the 
partitioned section of the column 

• Developing the correct control 
strategy, so that the column can be 
operated stably and will achieve all 
of the specifications 

Finally, if a column is to be installed 
for the first time at a facility, it is im- 
portant to ensure that the personnel 
who will operate it are involved 
throughout the development of the 
design, -and that suitable training is 
provided, A proper understanding of 
a novel technology such as this is es- 
sential to develop the trust and skills 
required for its successful operation. 



EMERGENCE OF PARTITIOWEB COLWSVIRIS 

The advantages offered by thermally coupled columns and partitioned columns in 
various separation applications were already recognized in the first half of the twen- 
tieth century [8, 9, 10], For a long time, however, no commercial cdumns were ac ; 
kratl/ built. This reluctahce was probably due to the complex calculations required for 
their design, as well as uncertainty about their control 
Over the past severd years, however, partitioned columns have been drawing more- 
favorable attention \ M, 12, 13] f with some textboob [ 14] even providing elementary 
guidelines for their design, Research groups [5, J 5] have set up laboratory-scale unite 
to study the dynamic behavior of these systems. Meanwhiie, some engineers \6 t 7\, 
have expressed grave concerns about the control of partitioned columns, while others 
[ 16] have claimed that only certain column arrangements will be 'operable.* 

Until recently, only BASF AG accepted the partifioned-column concept wholeheartedly 
[ 17], operating several (currently 28) such columns, some for well over a decade. But 
increasingly, other companies have started implementing this technology [18, 1 9), The 
successful design and operation of partitioned columns by BASF, Sasoi Ltd. [20, 21] and 
others [22] demonstrates that stable, on-specification operation can be achieved, by 
'using the appropriate control systems (see main text of article). 

Some- developmental work has been done to extend the concept in order to achieve a 
separation of rout or more components [23], using multiple partitions within a column. 
To date., no serious attempts -have been made to implement such a complex system. 
.At any rate, the advantages that partitioned columns offer will almost certainly ensure 
v fh'at many more processes will incorporate such units in the future. £)' 
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isolation is the primary separation pro- 
cess used in the chemical processing in- 
dustries (CPI). While this unit operation 
_ has m any advantages, one drawback is 
it. significant energy requirement. The dividing^!] 
distillation column (DWC) offers an alternative to 
conventional distillation towers, with the possibility 
of savings in both energy and capital costs 

For example, two applications of DWC technolo- 
gy designed by UOP are now part of a new UUF 
linear alkyl benzene (LAB) complex that saved 9% 
of the total fractionation energy used in Lhtf com- 
plex Based on a present world LAB production of 
2 6 million m.L/yr, and a fuel value of $10.8/miI1ion 
kcal a $12.8 million annual energy savings would 
be possible if these DWCs were used m place of 
conventional multicolumn trains in every complex 

In addition, the untnstalied equipment cost for 
the total complex is reduced by about 10%. The 
capital cost savings result from the reduction jn the 
quantity of equipment (La., one column, reboiler, 
condenser, etc., instead of two of each). There are 
also indirect benefits: a DWC requires less plot area 
and, therefore, shorter piping and electrical runs, a 
smaller storm runoff system and other associated 
benefns The Hare loads are reduced because of the 
smaller heat input and less fire-case surface, leading 
to a smaller flare system. 

While a DWC is not suitable for every situation, 
■ clearly it can be an attractive alternative lo conven- 



These distillation columns can significantly 
reduce capital and energy expenses vs. 
conventional multicolumn arrangements. 



lional distillation. This article will review recent de- 
velopments in DWC technology and provide guide- 
lines for the design of these columns. Finally, two 
applications will be discussed to illustrate the de- 
sign process, 

DWC background 

A DWC is not a new concept, having been intro- 
duced in 1949 (1). However, lack of reliable design 
methods, and concerns about the opefdtipn and con- 
trol of these columns have prevented their 
widespread application. Work being done in both 
academia and industry is helping to address these 
concerns. Several authors provide some good back- 
tround for understanding die theory behind Petlyuk 
columns and/or DWCs (2~~11}> A recap is provided 
here to show how a single DWC can replace an ex- 
isting two-column sequence. 

ABC split and Petlyuk evolution 

Consider a mixture consisting of three compo- 
nents, A, B and C, where A is the lightest and C the 
heaviest, Figure ia shows how this separation 
would be accomplished in a direct sequence of two 
distillation columns. For some mixtures, for in- 
stance when B is the major component and the split 
between A and B is roughly as easy as the split be- 
tween B and C, this configuration has an inherent 
thermal inefficiency (Figure 2). In the first column, 
the concentration of B builds to a maximum at a 
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tray near the bottom, On trays below this point, the 
amount of the heaviest component C continues to in- 
crease, diluting B so that its concen tration profile now 
decreases on each additional tray toward Ihe bottom of 
the column. Energy has been used to separate B to a 
maximum purity, but because B has not been removed 
at this point, it is remixed and diluted to the concentra- 
tion at which it is removed in the" bottoms. This remix- 
ing effect leads to a thermal inefficiency, 

Figure lb shows a configuration that eliminates this 
remixing problem. This prefractionator arrangement, or 
Petlyuk column (11) as it is commonly known, per- 
forms a sharp split between A and C in the first column, 
while allowing B to distribute between these two 
streams. All of A and some of B are removed in the 
overhead of the smaller pre fractionation column, while 
all of C and ihe remaining B arc removed in the bot- 
toms of the prefracuonation column. The upper portion 
of the second column then performs an AlB separation, 
while the lower portion separates B and C, During the 
design phase, the fraction of B separated in the over- 
head of the prefractionator can be set to prevent' the 
remixing seen in the direct sequence of Figure la, The 
thermal inefficiency has been eliminated, leading to a 
significant energy saving of about 30% for a typical de- 
sign and can reach 50% or 60% for unconventional 
ones (l 7, !2). 

Figure lb shows that the PeLlyuk arrangement is 
thermally coupled. In other words, vapor and liquid 
streams from ihe second (main) column are used to pro- 
vide vapor and liquid traffic in the prefractionator. This 
system has only one condenser and one reboiler, and 
both are attached to the second column. Because the 
Peilyuk arrangement has fewer pieces of major equip- 
ment than does the conventional two-column sequence, 
total capital costs may be reduced. 

Integrating the prefractionation column into the 
same shell as the main column can further reduce the 
amount of equipment. This is the DWC (Figure Ic). As- 
suming that heal transfer across the dividing wall is 



» Figure 1. 
Separating three components by distillation 
om bB done in a variety ol \ 
with one or two towers. 



negligible, a DWC is ihermodynarnically equivalent to 
a Petlyuk column. When compared to a conventional 
two-column system, a capital' cost savings of up io 30% 
is typical (3, 7, 12). 

% As discussed above, a DWC can be used to separate 
three products in a single column- In evaluating 
whether a DWC is a viable option, consider the thermo- 
dynamic properties, as well as the composition of the 
stream to be separated, in addition to the product re- 
quirements. Based on this information, some guidelines 
&fe useful to determine whether a DWC is a good can- 
didate for accomplishing a particular separation: 

* Product purity: the purity of the middle product is 
greater than can be achieved in a simple sidedraw column, 
therefore, when a high-purity middle product is desired, a 
pWC should he considered. If strict purity specifications 
%fe not required for the middle product, a simpie sidedraw 
cplumn may be sufficient for the task. However, £ven for 
tAis case, a DWC may be advantageous as it may accom- 
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piish the separation in a smaller column using less energy 
compared to the simple siciedraw setup, 

* Feed composition: Component B should be in ex- 
cess, and components A and C should be present in fair- 
ly equal quantities, A typical rule of thumb is that a 
DWC is most advantageous when the feed consists of 
about 6(K70 moI% B> with A and C then making up the 
rest of the feed in roughly equal amounts. It is impor- 
tant that this rule not be applied indiscriminately, 
though, because the relative volatility of the compo- 
nents is important as well. The relative volatility a i} is a 
factor indicating the difficulty, of separation of two 
components- The larger the value of this parameter, the 
easier is a separation for a given system. 

* Relative volatility: When B is a significant portion of 
the feed, a DWC can be advantageous as long as the split 
between A and B is at least as difficult as that between B 
and C (11), When the A/B split is fairly easy relative to the 
BIC split, the DWC's advantages may not be great enough 
to justify its- selection over a simple direct sequence, 

* Revamp possibilities: To increase the throughput 
through an existing simple sidestream column, a divid- 
ing wall can be inserted through a portion of the col- 
umn, This is an extension of the first rule concerning 
product purity. In this case, however, if increased 
throughput is. desired through an existing simple- 
sidestream column, it may be effected by inserting a di- 
viding wall through a portion of the column. 

As with any guidelines, there are exceptions, but 
these can be useful during the screening process. 

The case against DWCs 

Although a DWC may offer the potential for a sav- 
ings in both capital and energy costs, there are some 
situations in which two-column separations are' prefer- 
able (3, 6), For instance, a DWC contains a single con- 
denser and reboiler to provide the entire reflux liquid 
and boihip vapor to the column. The condenser operates 
at the coldest temperature required for the separation, 
while the reboiler operates at the hottest temperature. 
Compare (his to the two-column sequence, in which the 
reboiler on the first column and the condenser on the 
second arc at intermediate temperatures, so some of the 
duty can be supplied at intermediate levels. This may 
be advantageous for heat integration purposes, or if 
iess~cxpcnsive intermediate duties are available. 

Further, the two columns may require significantly 
different operating pressures for reasons that may in- 
clude restrictions on overhead or bottoms tempera- 
tures, clue to the available duties or restrictions on the 
bottoms temperature because of fear of degradation or 
polyrneri/.atioth The flexibility of operating at distinct- 
ly different design pressures might outweigh the sav- 
ings possible with a DWC. Additionally, a DWC wiSt 
likely be taller and have a larger diameter than either 



of the two conventional columns, and may surpass con- 
structi on restrictions for a single lower, One solution to 
this problem is the use of high-performance trays. 
Such trays have a high capacity and efficiency, and can 
be spaced close together (as little as 300 mm), reduc- 
ing the diameter and height of the DWC. Therefore, as 
in any design problem, it is necessary to evaluate the 
constraints and tradeoffs before proceeding with a 
more-detailed design. 

Industry review 

While theoretical studies have shown the economic 
advantages of DWCs in certain circumstances, industry 
has been hesitant to build these columns. One reason 
may be a lack of understanding of their design and con- 
trol* In recent years, several academic groups have re- 
searched this area (14, 15, 16). One group set up a 
pilot-scale column to study controllability and operabii- 
ity (17, 18). This work has contributed to a better un- 
derstanding of the design and control, and therefore a 
growing acceptance of DWCs within industry. 

In 1985, BASF constructed and started up what is be- 
lieved to be the first commercial DWC. BASF is also be- 
ljeved to be the leader in the total number of such columns 
in existence, with roughly 25 DWCs operating today (3). 

Various consulting and engineering and construction 
firms offer design and construction services for DWCs. 
Kellogg Brown & Root has designed at least two DWCs 
for BP, at least one of which is used to split a light 
kerosene stream (13), Sumitomo Heavy Industries has 
been involved in designing at least six columns for 
undisclosed customers (the firm refers to its technology 
as a "Column in Column") using an onsite pilot-plant 
facility (19). Linde AG' has recently constructed the 
world's largest DWC for Sasol, an estimated' 107-m tali 
and 5-m in dia. Finally, Krupp Uhde has designed a col- 
umn to remove benzene from pyrojysis gasoline for- 
Veba Oel A similar column by Krupp Uhde will start 
up for Chevron in the near future (19). 

DWCs for detergent manufacture 

DWC technology is suitable for use in the separation 
of streams in plants that produce detergents and aromat- 
ics, as well as in refining, hydroprocessing and reform- 
ing operations, among others. Two applications for deter- 
gent manufacture are discussed here to illustrate the 
steps involved in designing and constructing a DWC. 

Once an application has been identified, the next step 
is to model the column. A genera) outline of the ap- 
proach is given beiow. The explanation here will refer 
only to the simple A, £, C split described previously. 

Steady-state modeling 

The first step in studying a DWC is developing a stat- 
ic or steady-state simulation. This can be done using pro- 
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prietary software or with standard packages, such as 
Aspen Technology's Aspen Plus or Hyprotech's 
HYSYS, Process. The latter do not include a basic divid- 
ing-wall column in their library of functions, although 
the user,can build "custom" fractionation columns. This 
feature was used to model the DWC as a combination of 
individual tray sections, connected by internal vapor and 
liquid streams. For a conventional DWC, four column 
sections are needed: one for each of the sections above 
and below the wall, and one for each of the sections on 
cither side of it This DWC has five degrees of freedom 
{condenser, reboiler and three product streams). Typical 
specifications for design are three compositions plus the 
split-fraction of the vapor below the wall, and the split- 
fraction of the liquid above the wall. 

Once the initial static simulation is developed and 
converges to the desired product specifications, the next 
step is to optimize the design. Column sections can be 
designed, similar to a conventional column, to balance 
the capital vs. energy cost trade- 
offs. This is more complicated 
ihan with a conventional column 
because liquid from the upper 
rectification section splits to ei- 
ther side of the wall The reflux 
rale must be sufficient to satisfy 
the separation on either side. 

As already noted, the key to 
the DWC advantage is that the 
middle component B is split in 
the prcfractionatlon section, so 
that some B travels above the 
wall, while the remaining amount 
moves below the wall and out 
with the sidedraw stream. The split can be set to mini- 
mize the total reboiler-duty requirement by either 
adding or removing trays above or below the feed point, 
or changing the amount of liquid reflux that is sent to 
the feed-side of the column. 

Consider a typical example, where B is roughly 
60-70 rno)% of the feed, A and C arc present in equal 
proportions, and the difficulty of the split beiwecn A 
and 8 is roughly the same as that for the spiit between 
B and C. In the prcfractionation section, the optima) de- 
sign would result in B distributing so that half is recov- 
ered above the wall and the other half below Lhe wall. If 
the feed deviates from any of these conditions, it may 
be necessary to take more than half of B cither above or 
below the wall to optimize the design, Finally, both the 
vapor and liquid splits must be optimized, which wjl] 
have a significant impact on the required reboiler duty. 

Dynamic modeling 

Next, a dynamic study is performed to ensure the 
successful commercialisation of a DWC, One'reason is 



to develop suitable control schemes for this unconven- 
tional system. Another reason is that a dynamic study 
helps in understanding the column operation. 

In steady-state modeling of a distillation column, 
thermodynamics are a key concern. The column is de- 
signed using the appropriate property package and set- 
ting the feed flowrate and composition, as well as the 
column operating conditions, to meet the product speci- 
fications. Different considerations are important for a 
dynamic model. These involve the physical processes 
occurring in the column and include the weir heights 
for the trays', devices such as trapout trays and the wall 
static-head considerations/ plus the actual equipment 
required to make the column work. 

The dynamic simulation should be thought of as a 
true operating plant Some preliminary equipment de- 
signs are developed using the sileady-state modeling. If 
the steady- state model has a condenser that produces 
product streams and reflux, the* dynamic model must in- 
clude the overhead exchanger, 
the overhead accumulator and 
the reflux and/or product pumps. 
Control instrumentation is re- 
quired and must be tuned. Fur- 
ther, the dynamic simulation 
should model the hydraulic net- 
work. Control valves need to be 
included in the lines as appropri- 
ate, and additional valves may be 
modeled to account for pressure 
drops.' The dry-tray pressure drop 
across the column is determined 
by accounting for the static head, 
Equivalent weir heights and tray 
spacings must be included to accurately model liquid 
and vapor holdup when using theoretical stages. 

The model must next be validated before using it to 
predict the column's dynamic behavior. One way of 
doing this is operating the dynamic model until it re- 
produces the results of the steady-state simulation. This 
"dynamic steady-state" can then serve as a baseline 
starting point for al! subsequent testing. In reaching the 
dynamic steady-slate, the controllers can be tuned and 
strip charts configured to record key process variables. 

Once a dynamic model has been crealed, other disci- 
plines should critique and try to improve it. Various 
groups such as operations, reactor design, instrumenta- 
tion, etc., bring a unique perspective to the problem. 
After proving that the system wil! work, further testing 
should be done to determine the optimum location for 
(he control points. Once a final design is set, the design 
team holds a final review meeting before anyone sizes 
and selects items such as rotating equipment, instru- 
mentation and piping. The work process involves the 
following steps: 



DWCs typically separate 
a feed into three 
products. The middle 
one is purer then that 
from a sidedraw column* 
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1 , The design engineer responsible for process engi- 
neering creates the static model of the process, 

2, Taking the model from Step i, the dynamic simu- 
lator is used to match the steady-state model 

3, The dynamic model includes control schemes rec- 
ommended by technical services personnel and the pro- 
cess control specialists. Optional features are offered at 
this stage to determine the best approach. These options 
may include actions such as moving the temperature- 
control points to better anticipate compositional 
changes within the tower. By having a working model 
of the system, each new idea is tested and the results 
are saved for review, 

4, The dynamic simulator is used to determine the 
effectiveness of the proposed control scheme. Once this 
model has been debugged, alternative control features 
and process upsets are modeled. 

5, At minimurh> the product quality should be dis- 
turbed to verify that the control instrumentation will ad- 
equately measure off- specification conditions. Difficul- 
ties in selecting the proper measurement/control point 
should be resolved. 

6, The results of this exercise should be discussed 
with the project team during a meeting to review the 
process flow diagram, Prior lo starting project work, 
the How scheme, including all control requirements, 
should be fixed and explained to the team by the pro- 
cess control specialist. It may be necessary to modify 
the control scheme during this step. 

7, The technology is incorporated into the commer- 
cial design as engineered specifications are developed 
for the plant. 

Control system and instrumentation 

Because a DWC is not a traditional piece of process 
equipment, the tools used to evaluate the control 
scheme should he reviewed in detail to ensure that they 
are appropriate for the tower. In addition, the sophisti- 
cation necessary for the process model, the best simula- 
tor package, and the required amount of control scheme 
testing must be reviewed, as well The dynamic simula- 
tor can be adapted to study controi systems in a con- 
cise, structured and organized fashion. 

Once the best control scheme is determined, deci- 
sions about the instrumentation details are important. 
Many questions surround the issue of liquid/vapor traf- 
fic on each side or the wall. 

Direct controi of the liquid to each side of the wail 
is preferred, AH liquid from above the wall is removed 
from Lhe column, and then controlled so that a known 
flow returns lo each side of the .wall, Direct controi of 
the vapor split was no\ required for the applications 
that we modeled. If vapor-split control were needed, a 
special tray would have needed be installed to handle 
this requirement. 
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Kerosene prefractionation column 

One application of a DWC within UOP is for a pre- 
fractionation of kerosene within a LAB complex. This 
is a fuil-range kerosene, containing C 7 -C ]& hydrocar- 
bons. The separation removes a "heart cut" of mid- 
range material^ typically in the range of C n -C 33 . Look- 
ing at the generic layout in Figure 1, then A = C J0 and 
lighter, B ~ C ir C, 3 and C = C H and heavier. 

The heart-cut makes up roughly 60% of the kerosene, 
making this separation a good candidate for a DWC, Pu- 
rity specifications are set both on the amounts of n~C, 0 
and n-C ]A in the middle product. A third specification is 
set on the recovery of n-C u -n*C u in the middle prod- 
uct. A study found that it is not possible to successfully 
operate and. control a DWC with purity specifications on 
both the light and heavy components in the sidedraw 
product (14), which appears to preclude the use of a 
DWC for this application. However, this study consid- 
ered distillation of pure -.chemical species, In each case, 
the light, medium and heavy key components were adja- 
cent, meaning that there are no components that boil at 
temperatures in between those of the keys. Also, A, B 
and C represent distinct chemical species, instead of a 
range of species, as with kerosene prefractionation. 

For the kerosene prefractionation column considered 
here, the feed is fractionated into three product streams. 
The key components arc the normal paraffins in the 
C J{r -C )4 range, Normal paraffins are desiredMn the range 
of C ir C J3 , while n-C 10 is the light impurity and n-C l4 is 
the heavy impurity. Hundreds of species arc present that 
boil at temperatures between the light and middle prod- 
ucts, and between the middle and heavy products. These 
distributing species arc not important to the product 
quality, as they will be removed in a downstream separa- 
tion. The column can therefore be designed so that the 
n-C, 0 and ;?-C J4 will meet purity "requirements. 

Tabic 1 shows the capital and energy savings that re- 
sult by replacing the conventional direct sequence wiLh 
a DWC in a typical system. The DWC yields an energy 
saving of 30% and a capital saving of 28%, both of 
which roughly meet the rulc-of-thumb for typical DWC 
designs, Because of this attractive cost saving, the 
DWC is now a standard offering at UOP for the 
kerosene prefractionation column in an LAB complex, 

PEP fractionation 

Here, the DWC is part of the fractionation section 
within our Pacol Enhancement Process (PEP) process 
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is Figure 3. PEP rraclionalian via a dividing-wall column offers advantages 
over using two columns in series. 
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unit, a sieve separation process that removes C 7 + an> 
matics from a desired C 7 -f olefin/paraffin mixture (the 
* l C 7 * olefins") (20), This is a batch process that uses 
two regenerate streams to purge and desorb the sieve 
beds. The regenerated effluent streams are fractionated 
in a DWC to purify and remove the desorbed C 7 + an> 
matics and to purify and recycle peniane, one of the re- 
generate streams. A third product of the fractionation is 
a combination of the desorbant component, benzene, 
and "washed" C 7 + olefins. The DWC employ?; a novel 
trap tray and external rcfluxing scheme to prevent the 
C 7 + anomalies from mixing with the co-boiling compo- 
nent, the C 7 -f olefins. Figure 3 compares the conven- 
tional two-column fractionation system to the single 
DWC. hi this figure, Component A is pentarie, Compo- 
nent B is ben/.cne, Component C comprises the C 7 +- 
olefins and Component D, the C 7 + arom alius. 

Comparing Ibis design to a standard configuration as 
shown in Figure 1 1 a typical DWC candidate would 
start with a single feed stream thai requires fractiona- 
tion into three product streams, each with iL own dis- 
tinct, non-overlapping boiling range, The DWC in the 
PEP process has three product streams, two feeds, two 
externa! reflux streams and two co-boiling groups thai 
must be withdrawn separately in two of the product 
streams. This DWC therefore did not start as a typical 
candidate that could follow conventional rules for such 




H Figure 4, Screen shot of the steady-state simulation of the PEP DWC. A 
few changes were needed to use this model in the dynamic simulation, 

KEY: 

Feed Streams 

Raw Pentane from Puj ge; Peniane [purge material) and desired oleOn/paraifm product 
Benzene, Benzene 2: Raw benzene streams used as externa) reftux slieams 
From Desorb Step: Benzene (desor&ni) m heavy aromalic materia! 

fratfutf Streams 
Pentane: Purified peniane 

Benzene/C^OIelins: Sent to downstream process^ 
Aromalics: Undesired heavy aromat^ material 

Equipment 

PreiracTS; Feed side ot the DWC 

MainTS: Section above the wail, plus the -section on Ihe pfo&el side of the wall above the 
sltteto stream 

SiripTS: Scclion below the wall, plus Ihe seclion on Ihe product side oi tie wall beiow !he 
sKtedf&w stream 



a design. By building on previous work by others in this 
area, conventional design methods for DWCs were 
adapted to this system. Table 2 shows the economic ad- 
vantage of the PEP DWC. This column uses high- per- 
formance trays, spaced at 310 mm. 

Modeling the column 

The stcady-staie model consists of prcfractionaiion, 
stripping and product sections (Figure 4). When con- 
verting this model to a dynamic simulation, a few 
changes were necessary. First, the dividing wall actual- 
ly begins just below Stage 18 of the main section and 
ends just above Stage 4 of the stripping section. To 
properly investigate the effect of the liquid split above 
the wall arid the vapor split below the wall, it makes 
sense to split Lhe main column and the bottom fraction- 
ation section each into two sections, one below the wail 
and one above it. 
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Liquid from the newly created rectification section 
above the wall is fed to the upper product section, sim- 
ulating the total trapout iray above the wail. Vapor from 
the newly created stripping section splits and feeds the 
bottom of the prefractionation and lower-product sec- 
tions. Liquid from the newly created upper product sec- 
tion is drawn out of the tower by a total trapoul tray. 
This trapout tray can be modeled as a vessel with a 
level controller. 

The generic overhead condenser is removed and re- 
placed with an air cooler, accumulator vessel and re- 
flux/product pump. Other feed .and product pump cir- 
cuits are added. One unique aspect of the PEP separa- 
tion is the cyclic nature of the feed composition. This 
could not be adequately modeled with a steady-state 
model, and, therefore, was programmed into the dy- 
namic model Finally, complete control instrumentation 
for all lines was included. 

Handling upsets 

• Once the dynamic model was configured and validat- 
ed, testing began, in which the column behavior was 
studied - under normal and upset conditions, Offspec 
product must be either eliminated or minimized 
throughout any reasonable operation or upset. Different 
control configurations are tested under various upset 
conditions. The response lo feed changes, loss of re- 
Dux, reaction to weather changes, etc, are among the 
upset conditions tested, As a result of this testing, a 
control system was designed to react quickly to upsets 
and. be easily implemented and operated. 

As already mentioned, the column design can be fur- 
ther optimized during the dynamic simulation study. 
For instance, trays' can be removed from a section to 
study the effect on product quality. Opportunities for 
optimization that were not apparent from the steady- 
state mode! were identified during the dynamic study of 
the PEP DWC A few items to consider beyond the 
product-quality goal of this column were: 

• Incorporating the feed system into the model to 
simulate reaMife upsets that are expected. 

• Maintaining a reasonable heat balance, 

• Evaluating the level of vaporization common dur- 
ing each feed upset. 

The heat evaluation was also important to the suc- 
cess of this column, and required a study independent 
of all other reviews. Thermal fluctuations come from 
many sources. Because the feed fluctuates cyclically, a 
constant influence could not be amici paled. This varia- 
tion causes fluctuations in the product streams, requir- 
ing a more complex model than that used in Lhe static 
approach. A study evaluated the option of reboiiing ei- 
ther side of the wail independently. This showed 
promise during the theoretical stage of the project, but 
was less attractive as the operating principles became 



Literature Cited 

t Wright;, R. O., U.S. Parent 2,471,134, Standard Oil Development 
Co., Elizabeth, Hi (May 24, 1949), 

2. Enncnbach> F„ e( al, "Divided-Wall Columns — A Novel Distilla- 
tion Concept/ 1 Petroleum Technology Quarterly, pp. 97-103 (Au- 
tumn 2000). . 

3. Becker, JL, et a/., "Partitioned Distillation Columns — Why, When 
and How," Cfor/tt. 108 (I), pp. 68-74 (Jan. 2001). • ■ 

4« EXinnebicr, G T) and C. C. Panteiides t "Optima) Design of Thcjmal- 
' \y Coupled Distillation Columns," ind. Eng. Chem. Res., 38, pp. 
562-176(1999). 

5, Hernandez S„ and A. Jimenez, "Design of Energy-Efficient Pet- , 
lyiik Systems," C&np. Chem Bn£„ 23, pp. 1005^1010 (1999). ■ ■ - 

6, Lcstak, cmd C t Collins, "Advanced Distillation Saves Energy 

7, IViantafylJpii* C* r and.R* Smith, "The. Design' and Optimisation of 1 
Fully Thermally Coupled Distillation CoJomnC Traits, JChemB^ 70, 
Part A,pp U H 31 (Mar 

8, Cartberg/ftU and' A, W, Westerfrerg, "TemperaturerHsat Din- 
gram's for Complex iColurontf Pan 3rUnde wood's Method Tor the 

'■ ■Pettyuk bnfigroHofl," hid. Bn& Chem, fin* 28i ml 1386-13P7 

$. - Agrawat, an8 Z/T; Fidkowski,, "TbermodyaanttCally .Efficient 
Systems for . Ternary. DistiUation," IruL tng, Chem to,, 38, pp. 

lift; Nikoiai^es^ t P., an^ M, M..Ma)one, "Approximate Design and 
■ Opttmlz^ian.of a'-Tliermaliy Coupled Delation Column with Pre- 

fractionation* !tut,.Bng Chem. Rex;. 27, pp Sll-StS (I9B8), 
1L Clbus, K*i and Mi R'Matone, "Optimally Regions for Complex 

Column Alternatives in Distillation Systems/ '-Ghent, Eng. Res. Des. v 

66ipp.-229-240(i9SB), 

12, Pet!ywfc t )?, ft., et al> "ThermodynamicaUy Optimal Method for Sep- 
arating M'ukicomponenl Mixtures ,"7/it Chem Eng., 5< pp. 555-561 

(J965), . - 

13, Parkinson, G*, et al, "The Divide in DistlHaiion" Chem. En&, 106 
(4), pp. 32-35 (Apr, 1999). 

14, Balvorscn., L J„ and Skogtstad, "Optimal Operation of Pctlyuk 
Distillation; Steady-Stote Behavior,** J. Process Control, 9, pp. 
407^24(1999). 

l$> Wolff, E. A., and S. Skogestnd, "Operation of Integrated Three- 
Product {Petlyuk) Comjitns ¥ n in± Eng. Chem. to., 34, pp, 
2094-2103 (3995). . 

16, Serra, M,, et al>, "Control and Optimization or the Divided "Wat! 
Column." Chem. &i& and fine,, 38, pp. 549-562 {1 W). 

17, Abdul MutaJIbt M. L, and k. Smith, "OperaOon and Control of Di- 
viding Wall Distillation Columns: Pari I; Degrees of Freedom and 
Dynamic Simulation; 1 Trans. SChs'mE, 76, Part A," pp. 308-318 

. 0998). 

18, Abdul Mutaiib, M, U et aL t "Operation and Control of Dividing 
Wall Distillation Columns: Part 2: Simulation and Pilot Plant Studies 
Using Temperature Control;' Tram,. tChemE, 76, Part A. pp t 
.3?9-334(1998). 

J 9. Parkinson, G,, "Drip and Drop in Column Internals;' Chem. En£ r , 
107 (7), pp. 27-31 (July 2000). 

20. Sch«lte f M. A„ et aL, ^Design and Control of a Dividing Wall Dis- 
tillation Column lor the Fractionation Section in the Pacol Enhance- 
ment Process (PEP)" paper presenter! at 2001 Spring AlChE Nation- 
al Meeting, Houston, TX (Apr 22-26, 2001}. 



70 www.cepm3gazine.org May 2002 GBP 



more apparent. A single reboiler with a stable heat 
source was selected as the best way to meet the require- 
ments of this fractionation, As proposed, the design ad- 
justs the vapor to the wall indirectly by manipulating 
the liquid traffic on each side of it A small upset in the 
differential pressure across the trays will make the nec- 
essary vapor flowrale adjustment The major benefit of 
this is the column's ability to meet the challenges im- 
posed by variable feeds. 

Shell fabrication and tray design 

Adding a vertical partition to a conventional distilla- 
tion column presents some challenges to fabricating the 
shell and trays. If the temperature gradient across the 
wall is too great, it may be necessary to install an insu- 
lated wall to prevent heat transfer that could affect the 
separation. Additional manways may be needed in a 
DWC> so that the column is accessible on either side of 
the wall. 

The wall within the DWC effectively changes the 
tray design, creating two distinct noncircular sections. 
Also, if the wall is not exactly in the center of the col- 
umn) the tray design becomes nonsymmetrical, A high- 
performance tray is used and is suited for this applica- 
tion because it has a 90-deg. tray-to-tray orientation 
that makes designing easy within the noncircular sec- 
tion aiid asymmetrical sections. The tray is designed for 
uniform flow distribution across the tray deck, which is 
important when the section is noncircular 

Future thoughts and conclusions 

Advances in the theory of design, control and opera- 
tion of a DWC have contributed to a better understand- 
ing of these columns and have }ed to commercial devel- 
opments. As the base of commercial experience contin- 
ues to grow, the number of applications should increase 
for both conventional and unconventional cases. Com- 
puter models will be an important part of this process, 
as advanced tools allow a more-complete analysis of 
these columns. 

Chemical engineers should look for unconventional 
applications of DWC technology. Simply because a 
fractionation system does not meet the single-feed, 
tbree-kcy-componerH, ihrce-produci criteria, does not 
mean that DWC technology cannot be adapted to the 
separation. The UDP application for the PEP DWC is 
an example of Lhis. 

As academic research improves the understanding or di- 
viding-wall columns, and industry finds new applications, 
these columns should become more common in the plant. 
Although h took roughly 50 years for the DWC to gain 
limited acceptance by some companies, perhaps the next 
50 years will be a time when the DWC becomes a standard 
piece of equipment in the CPI. 1313 
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